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Capsaicin (CAP) is a major pungent component that has been
widely studied in medical and pharmaceutical fields. CAP was
used both orally and topically for pain relief. However, the
extreme pungency and the water insolubility of CAP lead to
its restriction in the development of CAP as drug delivery system
[1]. Our previous study suggested that the computer software
exhibited a beneficial role in the development of menthosomes
for transdermal drug delivery [2].To confirm the reliability and
reproducibility of simultaneous optimal formulations, the
optimal ultraflexible liposomes (invasomes) estimated by the
computer software (Design Expert®) were experimentally for-
mulated and investigated.To achieve this purpose, invasomes
with Comperlan® KD and d-limonene as potential penetra-
tion enhancer were developed. Using a two-factor factorial
design with centroid replication as amodel experimental design,
the invasomes were demonstrated. The model invasome for-
mulations containing a constant composition of 10 mM
phosphatidylcholine, 1 mM cholesterol and 0.15% capsaicin, and
various percentages of d-limonene and Comperlan® KD were
prepared.The physicochemical characteristics e.g., vesicle size,
size distribution, zeta potential, entrapment efficiency and skin
permeability of the model invasome formulations were evalu-
ated.The compositions and the physicochemical characteristics
of invasomes were defined as formulation factor (Xn) and re-
sponse variables (Yn), respectively. The relationship between
formulation factor and response variables was predicted, and
the optimal invasome formulation was also optimized using
Design Expert®. The response surfaces estimated by Design
Expert® illustrated obvious relationship between formulation
factor and response variables. The formulation factor directly
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affected the physicochemical characteristics of invasomes.The
0.15% capsaicin-loaded invasomes were smaller than 100 nm
in size, narrow size distribution (0.01–0.30) and hadminor nega-
tive zeta potential value (less than −20 mV). The skin
permeability of the optimal invasomes was significantly higher
than conventional liposomes and commercial product (0.15%
capsaicin in ethanolic solution). The response surfaces esti-
mated by the computer program were helpful for the
development of optimal invasomes for transdermal drug de-
livery (Fig. 1).
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Fig. 1 – The three dimensional response surface plot of the
desirability of invasomes.
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